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Abstract Male mating behavior of the papilionid butterfly Graphium sarpedon was investigat- 
ed using adult and paper models in the field and large greenhouse. First, mating behavior of 
this species was briefly described. Second, experiments with adult or paper models were carried 
out to examine what signals elicit male’s courtship behavior. Flying males approached not only 
female model, but also male model although mating attempt by the males was frequently found 
for the female model. However, frequency of male’s approach was lower on yellow-banded 
female model than on normally blue-banded female model, suggesting that blue color of a wing 
is essential for courtship by males. This hypothesis was elucidated by the experiments with 
paper model where various color papers were presented to flying males. Among various colors 
tested, blue and green colors, which were similar in spectral reflectance each other, were most 
effective for eliciting male’s approach. Further, it became clear that color itself is important, but 
size, shape and color pattern of the models tested are not responsible. Olfactory cue seems to 
be responsible for mate recognition at a close distance. Therefore, the results suggest that in 
male mating behavior of G. sarpedon, blue color itself on a wing is important for mate finding 
and that the light irradiation including blue coloration of the wing has important significance 
in mating bahavior of the males. 


Key words Graphium sarpedon, butterfly, mating behavior, male's courtship, visual cue, light 
irradiation. 


Introduction 


There have been many studies on the role of visual cues in mating behavior of butterflies 
(Magnus, 1958; Obara and Hidaka, 1968; Hidaka and Yamashita, 1975; Rutowski, 1977, 
1978; Silberglied and Taylor, 1978; Warzecha and Egelhaaf, 1995, etc). In butterflies, visual 
cues basically have a primary important role in male’s mate searching in contrast to moths 
in which a male’s approach is usually induced by pheromone from a female (Hidaka, 1972). 


The papilionid butterfly Graphium sarpedon is distributed widely in the subtropical and 
tropical regions of South-east Asia and Australia tropics, and the edge of northern distribu- 
tion reaches the temperate region of the Japan Archipelago. G. sarpedon is relatively 
common in urban areas of Japan where evergreen food plants belonging to Lauraceous family 
are planted along the roadsides and in the parks. The adults have one blue vertical band 
with blackish brown background at both sides of wings, and no sexual difference is found 
in color pattern of a wing. In this species, such blue coloration of the wing is induced by 
light irradiation after adult eclosion, while it is pale-yellow when newly eclosed adults are not 
exposed to light (Kato and Yamada, 2001). Although it is a very interesting problem to 
know whether the female with yellow-colored bands may be attractive to mate-searching 
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male, there are few studies on mating behavior of G. sarpedon. 


In the present study, therefore, (1) mating behavior of G. sarpedon was briefly observed, and 
(2) visual cues stimulating male’s courtship behavior were examined using adult and color 
paper models. 


Materials and methods 


Insects 


Eggs and young larvae of G. sarpedon were collected from host plants such as Cinnamonum 
camphora and Machilus tunbergii in the fields of Tokyo and its neighboring prefectures. 
Larvae were reared on leaves of C. camphora in plastic cups (11 cm in diameter and 5 cm in 
depth) under a photoperiod of 16L-8D at 25°C. Newly eclosed adults were kept under 5,000 
lux or darkness according to the purpose of the experiments, and fed on 10% sucrose solution 
until the experiments. In some cases, manipulations of such adults were carried out under 
a safety-lamp in the dark room. 


Study sites 


Behavioral observations were made in two sites: the field of Mitaka (Tokyo) during July to 
August, and the large greenhouse of the Tama Zoological Park in Hino (Tokyo) during 
November to December. In the former site, trees of C. camphora are abundant and 
mate-seeking males were flying around in this season. The area of the field along the 
roadside in the town was about 1,800 m?. In the latter site, 10-20 males and 5-10 females 
released were flying around. The area of the greenhouse was approximately 1,140 m? at a 
ground level, and its ceiling was 16 m in height (at maximum). In the greenhouse, males and 
females behaved normally as in the field. 


Behavioral observations in the field were carried out during from 9:00 to 13:00 on sunny 
or light cloudy days because the males most actively flew around from the morning to noon. 
Air temperature ranged from 30°C to 36°C. Observations in the greenhouse were also carried 
out as well, except for the temperature which was 22°C to 28°C. 


Preparation and presentation of adult models 


Newly eclosed females and males were exposed to light irradiation (5,000 lux) for 1 week, and 
then stored at —30°C until use. After freezing, specimens were dried in the room condition 
for 1 day or more (Fig. 1A and 1B). To test whether yellow-banded females may elicit 
male's behavior, newly eclosed females were kept under the dark condition for 1 week and 
then freezed (Fig. 1C). 


To examine the influence of olfactory factor, acetone-treated adults were prepared. Newly 
eclosed females were treated with acetone for 12 hr. After rinse with fresh acetone for 30 
min, the females were dried at the room condition. 


Three kinds of wing models where the band on a forewing are blue, yellow and black in color 
were made. Forewings were cut off from female adults exposed to light irradiation (5,000 
lux) for one week, or from those kept in darkness. To make black wing models, pieces of 
black area cut off from female wings were adhered on the blue band region. 


Each set of experiments was carried out during successive 4-7 days in the field. One adult 
model with wings open or one wing model was fixed to the top of a green stake (150 cm in 
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Fig. 1. Adult models. (A) light-irradiated blue banded male. (B) Hght-irradiated blue- 
banded female. (C) non-irradiated yellow-banded female. 


length) with an insect pin, and then presented to flying males with a radius of 1m without 
moving at random. 


Preparation and presentation of paper models 


Paper models were made from five kinds of color paper (red, yellow, green, blue and black) 
(Hi-New Color, Shikoku Paper Co. Ltd.). Size of each model was 5 cm in length and 10 
cm in width based on the butterfly size. Blue paper models (5X 10cm) of different colors 
(grades 1-4) were also prepared to see color preference. 
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To test the effect of color pattern, but not of single color, blue stripe sheet (0.8 x 10 cm as a 
horizontal band: 50.8 cm as a vertical band) was adhered on black background sheet (5X 
10cm). To examine the effects of model shape and size, furthermore, three kinds of different 
shaped models (standard: 5X 10 cm, vertically-elongated: 20 2.5 cm, horizontally-elongated: 
2.$x 20cm) and four kinds of different sized models (standard: 5X 10cm, 1/2, 1/4 and 1/ 
8 in areas) were made with blue colored papers. 


Each set of experiments with paper model were carried out during successive 4-6 days in the 
greenhouse. One paper model was fixed to the top of a green stake (180 cm), and presented 
toward flying males as well as the presentation of adult models. 


Recordings of behaviors observed 


Butterfly’s behavior was recorded on the tapes with a digital video camera (DCR-TRV20, 
SONY). A stopwatch (SEIKO) was also used for time recording. 


Assessments of male behavior 


Male responses were classified as follows. Approach: the behavior in which males flew 
toward a model within a sphere of radius of 1 m, but flying away without changing the flight 
pathway was excluded. Contact: the behavior in which approaching males touched the 
model with legs. Mating attempt: the behavior in which contacting males tried to copulate 
with the model. Pass: the behavior in which males entered sphere of 1 m, but flew away 
without changing their flight pathway. 


The numbers of approach (A), contact (C), mating attempt (M), pass (P) and total presented 
males (T) were counted, and the proportion of A/T, C/A and M/A was calculated. The 
durations of male’s staying with the models were also measured with a stopwatch. To 
eliminate the behavioral interaction by other males, the case where two or more males 
approached one model together was eliminated from the data. 


For the experiments with adult models, the time from male’s approach till his flying away was 
recorded as the duration of staying. 


Measurements of spectral reflectance 


Spectral reflectance of wing models (Fig.2A) and paper models (Fig.2B and 2C) were 
measured in the range of 300 nm to 700 nm with a spectrophotometer (Shimadzu UV-260) 
equipped with an integrating sphere assembly (Shimadzu ISR-260). For the wing models, 
a wing marking most near to inner edge of forewing upperside was selected for the 
measurement. Reflectance of white powder of barium sulfate was expressed as 100%. 


Statistical analyses 


Frequencies of male responses to adult models were compared with Fisher’s exact probability 
test. Multiple comparisons were carried for data analysis of wing and paper model experi- 
ments using Fisher’s exact probability test with sequential Bonferroni adjustment (Rice, 1989). 
Data of the duration of male’s staying with adult models were analyzed with Mann-Whitney 
U-test. 
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Results 


An outline of mating behavior of G. sarpedon 


In the observations at the field and greenhouse, among 11 mating attempts by males, three 
males succeeded in mating and the remaining eight males failed to mate due to the mate 
refusal by the females courted. Copulation mostly continued for about 2 hr. 


Typical interactions between a male and a female observed were as follows. A male actively 
flew around host and other trees to search for a mate. When he found a flying female, then 
he approached and then chased her at a short distance (about 10-20 cm) with occasional 
contacts. In the case of successful mating, which depended on female’s behavior, a flying 
female landed on plant leaves and took a posture with her wings closed. In this situation, 
he contacted her from the side and bended his abdomen toward the abdominal tip of the 
female, followed by mating. On the other hands, in the case where mating did not occur, 
a resting female took a mate refusal posture with her wing opened and often fluttered in 
response to a courting male. 


In the case where a flying male met a slowly flying or hovering female, the male sometimes 
showed a characteristic movement. The male flew one or more times around the female in 
a vertical plane and always in the same direction, viz: from the female posterior, flying below 
the female, around the head and over the female back to the posterior. The male never flew 
in the opposite direction. 


Male responses to various adult models presented 


Experiment A: Intact female and male models 


Flying males approached not only a female model, but also a male model as well (Table LA). 
Although frequency of contact response was high in both of the female and male models, 
males more frequently tried to mate with the female model than with the male one (P<0.01, 
Fisher’s exact probability test). Further, duration of male’s staying was significantly longer 


Table 1. Behavioral responses of flying males to various adult models. 














Ratio (%) 
Experiment Model Trial no. 
A/T C/A M/C 
A female 32 96.9 93.5 96.6 
NS NS ig 
male 31 100 93.5 68.0 
B blue-banded female 31 96.6 83.3 80.0 
i NS NS 
yellow-banded female 32 61.1 84.2 68.9 
C acetone-treated female 32 88.7 76.7 47.9 
NS NS * 
untreated female 32 96.9 93.5 96.6 
D blue-banded wing 10 80.0, 50.0 = 
yellow-banded wing 9 22.2 0 cs 
black wing 10 0 = = 











A/T: no. approach/no. presentation. C/A: no. contact/no. approach. M/C: no. mating 
attempt/no. contact. l 
*: P<0.01 (Fishers exact probability test.) NS: not significant. 
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Fig. 2. Spectral reflectance of wing regions (A) and color paper models (B and C) used in the 
experiments. 


on the female model than on the male one (P<0.05, Mann-Whitney U-test) (Fig. 3A). 
Experiment B: Intact blue-banded and yellow-banded models 


Males approached the blue-banded model more frequently than the yellow-banded one (P< 
0.001, Fisher’s exact probability test) (Table 1B). However, frequencies of contact and 
mating attempt did not differ between the blue- and yellow-banded models (not significant; 
Fisher’s exact probability test). Duration of male’s staying did not differ between each 
model (not significant; Mann-Whitney U-test) (Fig. 3B). 
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Fig.3. The duration of male’s staying on various adult models. (A) female and male. (B) 
blue-banded and yellow-banded females. (C) acetone-treated and untreated females. 
Arrow heads show median. For (A) and (C), a significant difference between two 
models is found (P<0.05, Mann-Whitney U-test), but for (B), no significant 
difference is found. 


Experiment C: Acetone-treated female models: 


For this experiment, data of treated female models were compared with normal female models 
of Experiment A described above because each experiment was carried out during the same 
period. Most of flying males approached both treated and untreated female models (Table 
1C). On the other hands, frequency of contact between each model was different marginally, 
but not significantly (P=0.066, Fisher’s exact probability test). For mating attempt, male 
response to treated model was significantly higher than that to untreated one (P<0.0001, 
Fisher’s exact probability test). Male’s duration of staying was significantly shorter on 
treated model on untreated (P <0.0005, Mann-Whitney U-test) (Fig. 3C). 


Experiment D: Wing models of three types: 


As shown in Table 1D, frequency of approach was high for the blue-banded wing model, but 
it was low or none for yellow-banded or black wing model, respectively (P <0.0005 between 
blue-banded and yellow-banded wing models or P<0.05 between blue-banded and black 
wing models, Fisher’s exact probability test). Further, although contact and mating attempt 
were found at low frequency for blue-banded wing model, no responses were found for the 
latter two models. 


Male responses to colored paper models 
Experiment E: Paper models of different colors: 


As shown in Fig. 4A, frequency of male’s approach was high for cue or green paper model 
while it was very low for red, yellow or black paper model. In any cases, males flew away 
with few contacts with the models. 


Experiment F: Blue paper models of various grades: 


In the experiments of blue colored papers of various types (grades 1-4), frequency of male 
approach was high for more densely blue paper model of grades 2-4 while it was low for most 
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Blue Horizontal Vertical Black 
only banded banded only 


Fig. 4. Frequency of male’s approach to paper models. (A) various coloered paper models. 
(B) various blue models (Bl to B4). (C) blue/black pattern models (horizontally blue 
and vertically blue colored). No. of model presentation is 30 each. *P<0.05, Fisher’s 
exact probability test. 


light blue paper model of grade 1 (Fig. 4B). There was no difference in male response 
among grades 2-4, but frequency of male approach for model of grade 1 was significantly 
lower than that for other three models (P<0.01 for all comparisons, Fisher’s exact probability 
test). 


Experiment G: Blue-banded pattern models: 


Frequency of male approach to each blue-stripe pattern model was high as well as the 
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standard blue colored paper (Fig. 4C). On the other hands, the complete black paper model 
was seldom attractive in contrast to each blue-banded pattern model (P<0.01 for all. 
comparisons, Fisher’s exact probability test). 


Experiments H and I: Blue paper models of different shapes and sizes: 


Frequency of male approach was high and did not differ among different shaped models with 
the same area (Experiment H): male’s approach ratio is 80.0% for standard model, 83.3% for 
horizontally shaped model, and 76.7% for vertically elongated model (パテ 30). For the 
experiments with different size models with the same shape (Experiment I), male’s approach 
ratio was similar among standard model, 1/2, 1/4, 1/8 models with the value of 73.3 to 83.3%. 


Discussion 


In butterflies, male’s mating strategies to find females are classified into two categories; 
patrolling type and perching one (Scott, 1975). In the present observations, it was confirmed 
that the mating strategy of male G. sarpedon is of the patrolling type, that is adopted by many 
other papilionid species. When flying males found flying or resting individuals irrespective 
of their sex, they approached and courted them. It seems likely that the approaching males 
recognize their sex with olfactory cues including contact at close distance. 


Male’s courtship posture varies with butterfly species, but is relatively simple such as chasing 
and hovering over a mate (Rutowski, 1977, 1978). In G. sarpedon, when the male approa- 
ched a slowly flying female, he flew around her in a vertical plane and always in the same 
direction. Perhaps it is guessed that such male may allowed her to land for the purpose of 
copulation. This courtship posture is facultative and has not known in Papilio species 
examined. 


In response of courting males, resting females sometimes fluttered their wings and continued 
the posture with their wings widely open. In these cases, no males succeeded in mating. 
Thus, this behavior is judged as a mate-refusal posture, which is found in many other species; 
Pieris rapae crucivora (Obara, 1964), Eurema lisa (Rutowski, 1977), Zizeeria maha argia 
(Wago et al, 1976) and so on. On the other hand, a posture with her wings closed seems 
to be receptive. 


The present model experiments clearly demonstrated that flying males approached not only 
female model, but also and male one. Since blue band region on wings of female and male 
models, which is similar in appearance, has similar spectral reflectance during near ultraviolet 
and visible region, it seems to be likely that males do not discriminate between males and 
females during their approach. Experiments with acetone-treated models showed that sexual 
recognition by a male must be done at close distance by contact or olfactory cues like the 
cases of other butterfly species (Brower et al, 1965; Hidaka et al, 1982). 


In the experiments where wing models without a body were presented, males responded to the 
blue-banded wing model without a body, but not respond to the black wing. From these, 
it is thought that visual cues are an important role in male’s courtship. The paper model 
experiments clearly confirmed this. Most effective color for inducing a male’s approach was 
blue and bluish green, and red, yellow and black color has no effect. Spectral reflectance of 
the bluish green paper rather than the green paper used in the experiments was similar to that 
of blue-banded region of a normal wing. Furthermore, among four kinds of blue models 
tested, dark blue colors are more effective than light blue color. Therefore, the results suggest 
that blue or greenish blue color is essential for stimulating courtship behavior of male G. 
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sarpedon. 


As described in Introduction, newly eclsoed adults of this species responded to irradiated light 
and have blue banded wings, while under darkness, their wings are yellow banded (Kato and 
Yamada, 2001). We tested this yellow-banded model, but this model also has less effective 
for inducing male’s approach, suggesting that light irradiation has an crucial significance in 
mediating male’s mating behavior. 


Many studies have been published for visual dues inducing the courtship of male butterflies. 
Some of them indicate the significance of wing color pattern and motion (Magnus, 1958; 
Hidaka and Yamashita, 1975; Wiernasz and Cole, 1995; Warzecha and Egelhaaf, 1995; etc). 
However, our results of the paper model experiments with blue-stripe pattern denied this idea. 
Characteristic blue-banded pattern on black background of a wing was not always needed, 
but blue color itself was effective for male’s approach. 
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摘 3 
OL Dees een eee eg 
子 ) 


本 研究 で は , まず 野外 お よび 温室 に お いて アオ スジ アゲ ハ の 配偶 行動 を 観察 し , 次 に 雄 の 配偶 行動 を 
解 発 する 視覚 刺激 を さま ざま な 標本 及び 色紙 モデ ル の 提示 に より 調べ た . 本 種 の 雄 は パト ロー ル 型 の 
配偶 戦略 を 示し , 積極 的 に 飛び 回 っ て 雌 を 探す . 雌 を 発見 する と , 雌 に 接近 し 求愛 を 行っ た . 交尾 が 
成立 する 場合 に は , 雌 を 見 つけ た 雄 は , し ば らく 追 飛 し 雌 人 が ホホ バリ ング し 始め る と その 周り を 縦 に 円 
を 描く よう に 垂直 方 向 に 飛び , 雌 が 閉 を 閉じ て 止ま る と すぐ に 変 尾 に 至っ た . 一 方 交尾 が 不成立 に 終 
わる 場合 に は , 求愛 する 雄 に 対し て 雌 は 遡 を 拡げ た 姿 土 を 示し , し ば し ば 超 を は ば た か せ て 雄 を 拒否 
し た . 次 に , 標本 モデ ル の 提示 実験 に より , 雄 は 交尾 試行 は 雌 モ デル に 対し て より 疾 繁 に 行なわ れ た 
が , 接近 行動 は 雌雄 の モデ ル に 対し て 同等 に 行なわ れ た . 雄 の 接近 は 次 の 黄色 や 黒い モデ ル よ り も 
青い 次 モデ ル に より 頻繁 に み ら れ た . この こと は 人 色紙 モデ ル 提 示 実 験 に お いて 明らか と な っ た . TR 
bb, 青色 お よび 緑色 。 特に 濃い 青色 が 雄 の 接近 に は 有効 で あり , 赤 , 黄 有 お よび 黒色 は 効果 を 示さ な 
か っ た . また 色彩 パタ ー ン , サイ ズ お よび 形 は 雄 の 接近 を 誘起 する に は 重要 で な か っ た . これ ら の 結 
果 は , アオ スジ アゲ ハ 雄 の 求愛 行動 を 誘起 する に は 贅 の 青色 自体 が 有効 で あり , 形 や 大 きき , それ に 
色彩 パタ ー ン は 調べ た 範囲 で は 関係 な か っ た . 従っ て , 次 の 青色 化 を 誘導 する 羽化 後 の 光照 射 は 配偶 
行動 に 重要 な 意味 を 持っ て いる こと が 推察 きれ る . 
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